acnes and S. epidermidis . Using HPLC, the dichloromethane extract yielded the highest content (46.21% w/w) of ␣ -mangostin followed by the ethanol extract (18.03% w/w), the hexane extract (17.21% w/w) and the water extract (0.54% w/w). Conclusions: Dichloromethane extract exhibited the strongest anti-acne-inducing bacterial effect and this extract yielded the highest amount of ␣ -mangostin.
cules and enzymes, such as lipases, proteases, hyaluronidase and chemotactic factors, which influence the development of inflammatory acne [3] . S. epidermidis , an aerobic organism, is usually involved in superficial infections within the sebaceous unit [4] . The common therapy for acne vulgaris includes oral and topical treatment using comedolytics and antibiotics [5] . However, these therapies can produce a number of potential side effects, including the development of resistance to frequently used antibiotics. Thus, the development of new antimicrobial agents for resistant organisms is becoming critically important. Plants produce many secondary metabolites with pharmacological activities that can be sources of pharmacologically active agents against pathogenic micro-organisms.
The fruit of Garcinia mangostana Linn. or mangosteen, of the family Guttiferae, is known as 'the queen of fruit' due to its delicious taste and pleasant aroma. The origin of this plant is in Southeast Asia [6, 7] and it is mainly distributed in Thailand, India, Sri Lanka, Myanmar, Indonesia, Malaysia, Philippines, China and other tropical countries. The fruit rind of G. mangostana has been used in Asian traditional medicines for the treatment of skin infections, wounds, diarrhea, dysentery, suppuration, leucorrhea, chronic ulcer and gonorrhea. It contains high amounts of xanthones, such as ␣ -mangostin, which is a major component and other bioactive substances including tannins, flavonoids and polyphenolics compounds [8] . ␣ -Mangostin is soluble in alcohol, ether, acetone, chloroform and ethyl acetate, while flavonoids and polyphenolic compounds are soluble in water and other polar solvents [9, 10] . Recent reports have shown that extracts from G. mangostana fruit rind have several medicinal properties, such as antioxidant [11] [12] [13] [14] , antiinflammatory [15] and also inhibition of HIV [16] . In addition, it has been known to promote high antimicrobial activity against bacteria frequently involved in acne inflammation, P. acnes and S. epidermidis [17] . This extract is popularly used as a raw material in herbal cosmetics and herbal drug preparations to prevent or treat acne. Therefore, it is necessary to study the appropriate extraction solvent promoting high antiacne activity.
Materials and Methods
This study was to determine and compare anti-acne-inducing bacterial activity by broth microdilution method and the content of a major active component, ␣ -mangostin, in mangosteen fruit rind extracts prepared using different solvents including hexane, dichloromethane, ethanol and water. Thin-layer chromatographic (TLC) autobiography for antibacterial activity against P. acnes and S. epidermidis of each extract was also performed. The extract with high anti-acne activity should be recommended as the appropriate extract for further development of antiacne preparation. The fresh fruits were cleaned and the edible aril parts were removed. The fruit rinds were cut into small pieces and dried in a hot air oven at 50 ° C for 72 h. The dried samples were ground into powder and passed through a sieve (20 mesh). The powdered sample was kept in an air-tight container and protected from light until used.
Preparation of

Extraction of G. mangostana Fruit Rind Extract
Powdered rinds (10 g) were extracted separately with 1,000 ml of hexane, dichloromethane and 95% ethanol using a Soxhlet apparatus. Each extract was filtered through a Whatman No. 1 filter paper. The filtrate was concentrated under reduced pressured at 50 ° C using a rotary vacuum evaporator. To prepare a water extract, the powdered G. mangostana fruit rind (10 g) was boiled with 200 ml of water for 1 h and filtered through a Whatman No. 1 filter paper. This method was repeated 5 times for exhaustive extraction and the filtrates were combined and evaporated on a boiling water bath. Each extraction was done in triplicate and yields of the dried extracts were recorded.
Isolation of ␣ -Mangostin
␣ -Mangostin was separated from the dichloromethane extract of G. mangostana fruit rind by column chromatography eluted with hexane, hexane/ethyl acetate and then ethyl acetate with increasing polarity. After purification by recrystallization, ␣ -mangostin was identified by comparison of 1 H-NMR spectra with reference data of ␣ -mangostin [18] . The purity of isolated ␣ -mangostin was determined by high-performance liquid chromatography (HPLC), which was used as a standard compound in this study.
Anti-Acne-Inducing Bacterial Susceptibility Testing
The test organisms used in this study were P. acnes (ATCC 6919) and S. epidermidis (ATCC 14990), which were obtained from the American Type Culture Collection, USA. Brain-heart infusion and tryptic soy broth were purchased from DIFCO (Detroit, Mich., USA).
P. acnes was incubated in brain-heart infusion for 72 h at 37 ° C under anaerobic conditions, while S. epidermidis was incubated in tryptic soy broth for 24 h at 37 ° C, and they were adjusted to approximately 10 8 CFU/ml. The minimal inhibitory concentration (MIC) values were determined by 2-fold serial microdilution assay [17] . The extracts were incorporated into media to obtain a concentration of serial dilution from 500 to 0.24 g/ml. A sample of 10 l standardized 283 suspension of each tested organism was transferred to each well. The broth cultures of S. epidermidis and P. acnes were incubated for 24 and 72 h, respectively. The MIC defined as the lowest concentration of the compound that can inhibit the micro-organisms were determined. The minimal bactericidal concentration (MBC) values of the extracts were recorded as the lowest concentration that showed no visible growth after subculture of each clear well onto a new plate containing suitable media.
TLC Analysis
The TLC chromatograms of each extract and of a reference ␣ -mangostin were performed on a precoated aluminium plate of silica gel 60F 254 (Merck KGaA, Darmstadt, Germany) using dichloromethane:methanol (96: 4) as a mobile phase. After removing the plate from the chamber, the plate was dried using an air dryer and sprayed with 10% sulfuric acid in ethanol, followed by heating at 110 ° C for 10 min. The plate was examined under ultraviolet light (366 nm). The R f value of the main component was determined by comparing it with the R f value of the reference standard. Videodensitometry of the chromatoplate was carried out using CAMAG Reprostar 3 with cabinet cover and mounted digital camera. The plates were run in duplicate; one set was used as the reference chromatogram and the other for bioautography.
Bioautography
The developed TLC plates were carefully overlaid with nutrient agar containing an aliquot of an overnight culture. The cultures were incubated at 37 ° C for 72 h under anaerobic condition for P. acnes and 24 h for S. epidermidis . The plates were sprayed with 1% of 2,3,5-triphenyl-tetrazolium chloride solution. The areas of inhibition were indicated by clear zones on the chromatogram and were compared with the R f values of the related spots on the reference TLC plate.
Determination of ␣ -Mangostin Content in Each Extract by HPLC Method
Standard solutions of ␣ -mangostin (purity = 99.63%) were prepared by diluting the stock solution (1,000 g/ml) with methanol to give the concentration range of 10-200 g/ml. For sample preparations, 10 mg of each dried extract was dissolved in methanol and the volume was adjusted to 10 ml in a volumetric flask (concentration = 1 mg/ml). Aliquot of this solution (1.5 ml) was diluted with methanol to make a final concentration of 150 g/ ml. The sample solution was filtered through a 0.45-m membrane filter before injection. A validated HPLC method [19] was performed on a Shimadzu SCL-10A HPLC system, equipped with a UV-vis detector SPD-10A. The separation was carried out using a Hypersil BDS C18 column (250 ! 4.6 mm, 5 m size) with a C18 guard column. The mobile phase consisted of 0.1% v/v orthophosphoric acid (A) and acetonitrile (B). The elution was performed with gradient solvent systems at a flow rate of 1 ml/min and monitoring at 320 nm. The gradient program was as follows: 70% B for 0-15 min, 70-75% B for 3 min, 75-80% B for 1 min, constant at 80% B for 6 min, 80-70% B for 1 min and 11 min for postrunning for reconditioning. The quantitative determination was analyzed with a CLASS VP software program using the external calibration method. 
Results
The TLC autobiographs of all the extracts of G. mangostana fruit rinds except that of water ( fig. 1 ) promoted main inhibition zones at the same R f value (R f = 0.4). The activity of ␣ -mangostin against P. acnes and S. epidermidis had the same MIC but different MBC values against P. acnes at 1.95 g/ml and S. epidermidis at 3.91 g/ml. The dichloromethane extract of G. mangostana fruit rind showed the strongest antibacterial activities against P. acnes and S. epidermidis at the same MIC values of 3.91 g/ml but MBC values at 3.91 and 15.63 g/ml against P. acnes and S. epidermidis , respectively. The hexane and ethanol extracts promoted moderate activity with the same MIC at 7.81 g/ml and MBC at 7.81 and 15.63 g/ ml, respectively, against P. acnes . For S. epidermidis , the hexane extract promoted the MIC at 15.63 g/ml and MBC at 31.25 g/ml, while the ethanol extract gave the MIC and MBC values at 7.81 and 62.50 g/ml, respectively. On the other hand, the water extract showed the lowest activity (MIC = 500 g/ml, MBC 1 500 g/ml for both of the tested bacteria; table 1 ).
The content of ␣ -mangostin in each extract was in the following order: dichloromethane extract (46.21% w/w), ethanol extract (18.03% w/w), hexane extract (17.21% w/w) and water (0.54% w/w), respectively. The purity of isolated ␣ -mangostin extract was 99.6%.
Discussion
The results showed that hexane, dichloromethane and ethanol extracts of mangosteen fruit rind exhibited higher activity against P. acnes than S. epidermidis , thereby implying that the polarity of extractant had influence upon antibacterial activity. Using HPLC analysis, the highest content of ␣ -mangostin, the main xanthone found in G. mangostana fruit rinds, was found in the dichloromethane extract followed by ethanol, hexane and water extracts, respectively. These results show that because of the moderate polarity of the chemical structure of ␣ -mangostin, it is more soluble in a moderate polarity solvent (dichloromethane) than a nonpolar solvent (hexane) or polar solvents (ethanol or water) [9] . HPLC and TLC chromatograms of all extracts showed different patterns, but ␣ -mangostin was found to be a major component in all extracts, supporting the previous report [20, 21] ( fig. 1 , 2 ) . This compound also promotes the strong antibacterial activities against P. acnes and S. epidermidis . The results indicate that the antiacne activity of the extracts might depend on the ␣ -mangostin content.
Based on the current findings, dichloromethane seemed to be the appropriate solvent to extract G. mangostana fruit rind for antiacne purposes because it promoted the highest ␣ -mangostin content and anti-acneinducing bacterial activity. However, dichloromethane could be toxic to humans [22] . On the other hand, ethanol was found to be a less toxic [23] and cheaper solvent that also provided a high antiacne property. Thus, ethanol extract of G. mangostana fruit rind might be an alternative choice for this purpose in pharmaceutical production.
Conclusions
Dichloromethane provided the extract of G. mangostana fruit rind with high content of ␣ -mangostin and high anti-acne-inducing bacterial activity. Considering various factors, i.e. safety, cost and antiacne activity, ethanol extract might be used as an alternative natural source in antiacne preparations instead of antibiotic drugs. However, toxicology and clinical trials in animal models have to be studied before use in humans.
